Introduction {#sec1-1}
============

Osteoarthritis (OA) is a disorder of the joint joints characterised by cell stress and extracellular matrix degradation triggered by micro and macro injuries. This disease manifests first as molecular disorder followed by anatomical abnormalities, and physiology (characterised by cartilage degradation, bone remodelling, osteophyte formation, joint inflammation and loss of normal joint function), which can lead to disease \[[@ref1]\].

Molecular disorders in osteoarthritis activate the pro-inflammatory pathway, causing an increase in expression of inflammatory mediators such as IL-1β and TNF-α. A Disintegrin-like and Metalloproteinases with Thrombospondin Motifs-4 (ADAMTS-4) is aggrecanase which is responsible for aggrecanolysis in OA \[[@ref2]\], \[[@ref3]\], \[[@ref4]\]. Fan *et al.*, (2005) reported that IL-1β can improve ADAMTS-4 regulation in both normal human chondrocytes and OA \[[@ref5]\]. Bondeson *et al.*, (2007) showed that IL-1β increased regulation of ADAMTS-4 in synovial OA in human fibroblasts \[[@ref6]\].

Mesenchymal Stem Cells (MSC) has the potential for multipotent differentiation for regenerative medicine \[[@ref7]\] and has the strong immunosuppressive capacity, so it has therapeutic potential for various inflammatory-related diseases \[[@ref8]\], \[[@ref9]\], \[[@ref10]\]. The immunosuppressive ability of MSC is shown by the increase in nitric oxide (NO) products which play a major role in inhibiting T-cell proliferation \[[@ref10]\]. Inducible nitric oxide synthase (iNOS) is an enzyme that plays a role in NO synthesis. Inducible nitric-oxide synthase induced MSC after activation by IFN IF and TNFα, IL-1α or IL-1β. MSC of iNOS^-/-^ rat has a low ability to suppress T-cell proliferation \[[@ref8]\].

This study aims to prove the effect of Mesenchymal Stem Cell Wharton Jelly on decreasing ADAMTS-4 levels as cartilage-degrading enzymes and increasing levels of iNOS which showed the immunosuppressive potential of MSC-WJ in cases of osteoarthritis in vivo.

Material and Methods {#sec1-2}
====================

Animal and Experimental Design {#sec2-1}
------------------------------

Male white rats (*Rattus novergicus*) with a weight ranging from 200-250 grams as experimental animals placed in clean, disinfected and pathogen-free cages and given standard food in the form of pellets and drinking in ad libitum. Trial animals adapted first for 1 week before treatment. Induction of osteoarthritis conducted with 300 μg intra-articular injection of monosodium iodoacetate (MIA) (Sigma Aldric, USA) in 50 μl of saline solution (0.9% NaCl) sterile \[[@ref11]\] singly into the right knee joint rats anaesthetized by intraperitoneal injection of xylazine 10 mg/kg and ketamine 20 mg/kg uses insulin syringe with a needle (needle) 27G \[[@ref12]\]. 32 osteoarthritis male white rats (three weeks after MIA induction) were divided into 2 treatment groups (n = 16): Control group and MSC-WJ group. MSC-WJ group is given 50 μl MSC-WJ with a dose of 1 x 10^6^ cells into the right knee joint and a control group given 50 μl complete medium after anaesthetized. Rats were sacrificed after 3 weeks of treatment. Serum and knee joint were taken and then analyzed.

Analysis of Flow Cytometry {#sec2-2}
--------------------------

Mesenchymal Stem Cell Wharton Jelly was obtained from the Indonesian Medical Education and Research Institute (IMERI) Faculty of Medicine, University of Indonesia. Based on the analysis of flow cytometry, MSC-WJ used for this therapy had CD73-APC cell surface expression 99.8%, CD105-PerCP-Cys5.5 95% and CD90-FITC 99.9%. Photocell was taken use Nikon Ti-S microscope. Scale bar: 500 μm.

Measurement of serum ADAMTS-4 and iNOS by ELISA {#sec2-3}
-----------------------------------------------

Blood was taken from sinus periorbital and centrifuged at 3000 rpm for 15 minutes. The collected serum was stored at -80°C until measurement. Serum ADAMTS-4 and iNOS levels were measured by an ELISA kit (Bioassay Technology Laboratory, China). All samples are measured in duplicate.

Examination of ADAMTS-4 Levels (Work protocol based on rat ADAMTS-4 ELISA Kit) {#sec2-4}
------------------------------------------------------------------------------

Prepare all reagents, standard solutions and samples as instructed. Bring all reagents to room temperature before use. The assay is performed at room temperature. Determine the number of strips required for the assay. Insert the strips in the framers for use. The unused strips should be stored at 2-8°C. Add 50 µL standard well. Add 40 µL sample to sample wells and then add 10 µL anti-ADAMTS-4 antibody to sample wells, then add 50 µL streptavidin-HRP to sample wells and standard wells (Not blank control well). Mix well. Cover the plate with a shaker. Incubate 60 minutes at 37°C. Removed the sealer and wash the plate 5 times with wash buffer. Soak wells with at least 0,35 ml wash buffer for 30 seconds to minute for each wash. For automated washing, aspirate all wells and wash 5 times with wash buffer, overfilling wells with wash buffer. Blot the plate onto paper towels or other absorbent material. Add 50 µL substrate solution A to each well and then add 50 µL substrate solution B to each well. Incubate plate covered with a new sealer for 10 minutes at 37°C in the dark. Add 50 µL stop solution to each well; the blue colour will change into yellow immediately. Determine the optical density (OD value) of each well immediately using a microplate reader set a 450 nm within 30 min after adding the stop solution.

Examination of iNOS Levels (Work protocol based on rat iNOS ELISA Kit) {#sec2-5}
----------------------------------------------------------------------

Prepare all reagents, standard solutions and samples as instructed. Bring all reagents to room temperature before use. The assay is performed at room temperature. Determine the number of strips required for the assay. Insert the strips in the framers for use. The unused strips should be stored at 2-8°C. Add 50 µL standard well. Add 40 µL sample to sample wells and then add 10 µL anti-iNOS antibody to sample wells, then add 50 µL streptavidin-HRP to sample wells and standard wells (Not blank control well). Mix well. Cover the plate with a shaker. Incubate 60 minutes at 37°C. Removed the sealer and wash the plate 5 times with wash buffer. Soak wells with at least 0,35 ml wash buffer for 30 seconds to minute for each wash. For automated washing, aspirate all wells and wash 5 times with wash buffer, overfilling wells with wash buffer. Blot the plate onto paper towels or other absorbent material. Add 50 µL substrate solution A to each well and then add 50 µL substrate solution B to each well. Incubate plate covered with a new sealer for 10 minutes at 37°C in the dark. Add 50 µL stop solution to each well; the blue colour will change into yellow immediately. Determine the optical density (OD value) of each well immediately using a microplate reader set a 450 nm within 30 min after adding the stop solution.

Research Ethics {#sec2-6}
---------------

This study was already passed the ethics clearance and has been approved by the Ethics Committee of the Faculty of Medicine, Andalas University, Padang with registration number: 549/KEP/FK/2017.

Statistical analysis {#sec2-7}
--------------------

Data are presented in mean and elementary forms. The statistical analysis used is SPSS 18.0. The statistical test used is an independent t-test. The value of p \<0.05 was said to be statistically significant.

Results {#sec1-3}
=======

OA rats were divided into 2 groups, namely the control group and the group treated with MSC-WJ ([Figure 1](#F1){ref-type="fig"}). Examination of the levels of ADAMTS-4 and iNOS was carried out in the serum of rats by ELISA.

![Data on Characteristics of Mesenchymal Stem Cells Wharton Jelly; A) Cells MSC-WJ reach confluence. Scale bar: 500 μM. Photographs of cells taken using a Nikon Ti-S microscope; B) Data flow cytometry. Forward scatter (FCS) plot&side scatter (SSC) plot. Population gated events (P1): 20,000; C) Cell surface markers expression: CD73-APC 99.8% and CD105- PerCP-Cy5.5 95%; D) Cell surface markers expression: CD90-FITC 99.9% and Lin (-) - PE 0.4%](OAMJMS-7-1270-g001){#F1}

ELISA examination {#sec2-8}
-----------------

The blood obtained from the centrifuged animal is then obtained serum. Serum before analysis was stored in a refrigerator temperature of -80°C. The serum obtained was determined by ADAMTS-4 and iNOS levels, carried out in the Biomedical laboratory, Faculty of Medicine, Andalas University.

The results of the measurement of ADAMTS-4 and iNOS levels were carried out in normal rat, and the mean levels of ADAMTS-4 and iNOS were 27.92 ng/ml and 20.86 ng/ml. Based on the results of the normality test the data shows that the two research variables namely ADAMTS-4 and iNOS are normally distributed (p \> 0.05). Thus, the parametric test (free t-test) can then be carried out.

Effect of MSC-WJ on ADAMTS-4 levels in serum of OA rats {#sec2-9}
-------------------------------------------------------

The results of the measurement of ADAMTS-4 levels by ELISA method showed that the serum ADAMTS-4 levels of OA rats treated with MSC-WJ were lower than those not treated which can be seen in [Figure 2](#F2){ref-type="fig"}.

![Boxplot graph of rat serum ADAMTS-4 levels](OAMJMS-7-1270-g002){#F2}

The difference in ADAMTS-4 levels between the serum of rats treated with MSC-WJ and not treated bivariate test can be seen in [Table 1](#T1){ref-type="table"}.

###### 

Mean differences in ADAMTS-4 levels by group

  ----------------------------------------------
  Groups    ADAMTS-4 Levels (ng/ml)\   P value
            (Mean ± SD)                
  --------- -------------------------- ---------
  Control   47.63 ± 5.32               0.114

  MSC-WJ    43.89 ± 7.50               
  ----------------------------------------------

[Table 1](#T1){ref-type="table"} showed that there are differences in levels of ADAMTS-4 based on treatment. Decreased levels of ADAMTS-4 in the group treated with MSC-WJ from the control group. Statistically, the differences were not significant (p \> 0.05).

Effect of MSC-WJ on iNOS levels in serum of OA rats {#sec2-10}
---------------------------------------------------

The results of measurement of iNOS levels by ELISA method showed that the serum iNOS levels of OA rats treated with MSC-WJ were lower than those not treated with bivariate tests which can be seen in [Figure 3](#F3){ref-type="fig"}.

![Boxplot graph of rat serum iNOS levels](OAMJMS-7-1270-g003){#F3}

The difference in iNOS levels between the serum of rats treated with MSC-WJ and not treated bivariate test can be seen in [Table 1](#T1){ref-type="table"}.

[Table 2](#T2){ref-type="table"} showed that there are differences in levels of iNOS based on treatment. Increased levels of iNOS in the group treated with MSC-WJ from the control group. Statistically, the differences were significant (p \<0.05).

###### 

Mean differences in iNOS levels by group

  ------------------------------------------
  Groups    iNOS Levels (ng/ml)\   P value
            (Mean ± SD)            
  --------- ---------------------- ---------
  Control   24.96 ± 3.56           0.000

  MSC-WJ    30.79 ± 4.64           
  ------------------------------------------

Discussion {#sec1-4}
==========

Aggrecanase-1 (ADAM-TS-4) {#sec2-11}
-------------------------

Aggrecanase-1 (ADAMTS-4) is mainly expressed in the active form in the osteoarthritis cartilage and plays an important role in the degradation of aggrecan in the cartilage of human osteoarthritis. ADAMTS-4 is overexpressed in human cartilage OA, and the expression of ADAMTS-4 in articular chondrocytes directly correlates with the degree of damage to the articular cartilage in OA. According to Naito *et al.*, (2007), ADAMTS-4 is an aggrecanase expressed in human OA cartilage and plays a key role in aggrecan degradation in humans OA \[[@ref13]\].

Increased regulation of the expression of the ADAMTS-4 gene (aggrecanase-1) in OA was induced by IL-1. Interleukin-1β activates the NF-kB cascade in chondrocytes and kills almost all anabolic pathways, including collagen type II and aggrecan synthesis \[[@ref14]\] and increases catabolic pathways.

The results of this study indicate that the levels of ADAMTS-4 serum OA rats treated with MSC-WJ were lower than those not treated, but the difference was not significant. While the results of the research by Shu *et al.*, (2016) showed that synovial ADAMTS-4 expression decreased significantly in OA joints after 6 weeks injected MSC compared with those not injected MSC \[[@ref15]\].

The results of van Buul *et al.*, (2012) show that MSC can reduce IL-1β gene expression in synovial and cartilage tissue (16). MSC can increase anti-inflammatory cytokines which can inhibit the NF-kB cascade, thereby reducing catabolic pathways \[[@ref17]\]. This causes MSC-WJ to have the ability to reduce serum ADAMTS-4 levels, which is one of the catabolic factors responsible for the occurrence of OA \[[@ref17]\]. Although in this study there was a tendency to decrease ADAMTS-4 levels after MSC-WJ treatment, it did not reach statistical significance. This is probably due to the not optimal incubation time for MSC-WJ.

Inducible nitric oxide synthase (iNOS) {#sec2-12}
--------------------------------------

Inducible nitric oxide synthase (iNOS) is an enzyme responsible for the production of nitric oxide (NO), the main proinflammatory and destructive mediator in osteoarthritis (OA). INOS expression increases regulation by inflammatory cytokines including IL-1β, IL-17, TNF-α, ΙFN-γ \[[@ref18]\].

Mesenchymal stem cells can act as an anti-inflammatory by reducing the production of proinflammatory cytokines which will directly inhibit the function and proliferation of T cells. Also, MSC has a potent immunosuppressive capacity. In inflammatory conditions, MSC of rats expresses high levels of iNOS, which inhibits immune cell proliferation and function \[[@ref19]\]. Immunosuppressive effects occur through enzymatic actions such as inducible nitric oxide synthase (iNOS) and Indoleamine 2, 3-dioxygenase (IDO), and through the production of human leukocyte antigen class I (HLA-G) and prostaglandin E2 (PGE2) \[[@ref20]\], \[[@ref21]\].

The results showed that the iNOS levels of serum OA mice treated with MSC-WJ were higher than those not treated. Research by Li *et al.*, (2013) found that iNOS expression peaked at 1 week after being given HUC-MSC transplants in acute tubular necrosis (ATN) rat and then decreased to near normal values after 4 weeks of transplantation \[[@ref22]\]. Yun *et al.*, (2016) in their study found that MSC treatment of animals trying OA after 2 months can stimulate a decrease in the regulation of expression of inflammatory cytokines such as iNOS \[[@ref17]\]. While the results of the study of Cosenza *et al.*, (2017) in vitro, Mesenchymal stem cells reduce iNOS gene expression \[[@ref23]\]. Xu *et al.*, (2018) also obtained results of a decrease in iNOS expression using umbilical cord mesenchymal stem cells (UC-MSC) \[[@ref24]\].

The increase in iNOS levels in this study was due to the immunosuppressive nature of MSC. The immunosuppressive function of MSC is caused by IFNγ along with one of three other proinflammatory cytokines, TNFα, IL-1α, or IL-1β. This cytokine combination provokes the expression of several chemokines and inducible nitric oxide synthase (iNOS) by MSC \[[@ref9]\].

The presence of proinflammatory cytokines, MSC facilitates the high expression of iNOS which stimulates NO secretion, thus causing inhibition of T cell proliferation \[[@ref25]\]. According to Ren *et al.*, (2008), both in vivo and in vitro studies showed that iNOS-deficient MSC showed reduced inhibiting ability \[[@ref9]\]. High NO concentrations can suppress immunity modulation and cause immune cell apoptosis through inhibition in the cell cycle phase G0/G1 \[[@ref26]\], inhibition of phosphorylation of the transducer signal and activator of transcription 5 (STAT5) and signal transducers in T cells \[[@ref27]\]. The results of this study showed an increase in iNOS levels after being treated by MSC-WJ. This situation shows that MSC-WJ is immunosuppressive.

This study concluded that MSC-WJ significantly reduced ADAMTS-4 levels and increased the serum iNOS levels of OA rats.
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